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1. 

REBREATHERMOUTHPIECE 

RELATED APPLICATIONS 

This application claims the benefit of the priority of U.S. 
application No. 61/390,928 filed 7 Oct. 2010 and entitled 
REBREATHER MOUTHPIECE which is hereby incorpo 
rated herein by reference. For the purpose of the United States 
this application claims the benefit of the provisions of 35 USC 
S119(e) with respect to U.S. application No. 61/390,928. 

TECHNICAL FIELD 

This invention relates to rebreathers. Embodiments of the 
invention relate to a mouthpiece for rebreather systems. 
Embodiments of the invention have particular application to 
semi-closed circuit scuba diving rebreather systems. 

BACKGROUND 

Scuba diving breathing systems include open-circuit and 
rebreather systems. In open-circuit systems, all of the diver's 
exhaled air is exhausted to the ambient environment (e.g. 
typically, into the Surrounding water). In rebreather systems, 
at least a portion of the diver's exhaled air is recaptured and is 
recycled through a breathing loop which typically includes an 
expandable/contractible counterlung and a carbon dioxide 
scrubber. Rebreather systems include one or more gas Sup 
plies, containing gas such as pure oxygen, a mixture of oxy 
gen, nitrogen and/or helium (e.g. trimix or nitrox) and/or the 
like. Gas from the one or more gas Supplies is injected into the 
breathing loop to replenish the air consumed and/or exhaled 
by the diver. 

Rebreather systems may be provided as closed-circuit or 
semi-closed circuit systems. In closed-circuit Systems, all of 
the diver's exhaled air is recaptured and recycled through the 
breathing loop. Closed-circuit systems typically Supply a 
combination of pure oxygen and a diluent gas (e.g. air or 
trimix) to the breathing loop, and include oxygen monitoring 
systems to monitor and adjust oxygen levels to guard against 
oxygen toxicity. In semi-closed circuit systems, a portion of 
the diver's exhaled air is exhausted from the rebreather loop 
to the ambient environment (typically from a port in the 
breathing loop located on the diver's back) and the remainder 
is recaptured and recycled through the breathing loop. Semi 
closed circuit Systems typically supply gas mixtures (e.g. 
nitrox) to the breathing loop and do not require oxygen moni 
toring systems. Semi-closed circuit systems tend to involve 
fewer components and are generally lighter, more compact, 
and easier and safer to use and maintain than closed-circuit 
systems. 

In rebreather systems, a diver exhales and inhales through 
a mouthpiece which directs an incoming Supply of air from 
the breathing loop to the diver's mouth, and directs outgoing 
or exhaled air from the diver's mouth toward the breathing 
loop for recirculation through the breathing loop. In semi 
closed circuit rebreather systems, a portion of the exhaled air 
is discharged or exhausted to the ambient environment, typi 
cally at an outlet in the breathing loop and away from the 
mouthpiece. 

There is a need for a mouthpiece which may be used with 
semi-closed circuit rebreather systems. There is a need for a 
mouthpiece which exhausts a portion of the exhaled air to the 
ambient environment while directing the remainder of the 
exhaled air to the breathing loop. 

SUMMARY 

One aspect of the invention provides a mouthpiece for a 
rebreather having a breathing loop. The mouthpiece includes 
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2 
a tubular housing having longitudinally opposed inhale and 
exhale ends. The inhale end is in fluid communication with an 
egress of a breathing loop and the exhale end is in fluid 
communication with an ingress of the breathing loop. 
The mouthpiece has a mouth port through which a user 

inhales and exhales. The mouth port leads to a bore of the 
housing. The mouthpiece also has discharge and recirculation 
air channels having openings into the bore. The discharge air 
channel extends transversely through a body of the housing 
and leads to a discharge port in fluid communication with the 
ambient environment. The recirculation air channel extends 
longitudinally through the body of the housing and leads to 
the exhale end. 
A moveable valve component is Supported for movement 

in longitudinal directions within the bore and is shaped to 
define a portion of an air space within the bore between the 
moveable valve component and the inhale end. The moveable 
valve component is biased toward a valve-closed position in 
which the moveable valve component: is spaced apart from 
the exhale end by a valve closed distanced; and is located 
to block air flow into the openings of the discharge and 
recirculation air channels. An increase of air pressure in the 
air space tends to counteract the bias and move the moveable 
valve component toward a valve-open position in which the 
distance between the moveable valve component and the 
exhale end is less than the valve closed distanced and the 
openings of the discharge and recirculation air channels are 
exposed to permit air flow therethrough. The distance by 
which the moveable valve component moves toward the 
exhale end determines a length of the openings of the dis 
charge and recirculation air channels exposed to permit air 
flow therethrough. The increase in air pressure is caused by 
the user exhaling through the mouth port and thereby intro 
ducing air into the air space. 
The movement of the moveable valve component to the 

valve-open position causes an increase in the size of the air 
space and a corresponding reduction in air pressure. The 
valve-open position represents an equilibrium between forces 
caused by the air pressure and the bias. 
The moveable valve component may be magnetically 

biased toward the valve-closed position. A first magnet may 
be disposed within the moveable valve component and a 
second magnet may be disposed at the exhale end. The first 
and second magnets are arranged with like poles facing each 
other. 
The discharge air channel has a first width and the recircu 

lation air channel has a second width which is larger than the 
first width. In particular embodiments, a number of discharge 
air channels, a number of recirculation air channels and the 
first and second widths are selected such that between 
approximately 20% to 30% of the exhaled air travels through 
the discharge air channel to the discharge port while the 
remainder of the exhaled air travels through the recirculation 
air channel to the exhale end. 

In addition to the exemplary aspects and embodiments 
described above, further aspects and embodiments will 
become apparent by reference to the drawings and by study of 
the following detailed descriptions. 

BRIEF DESCRIPTION OF DRAWINGS 

Exemplary embodiments are illustrated in referenced fig 
ures of the drawings. It is intended that the embodiments and 
figures disclosed herein are to be considered illustrative rather 
than restrictive. In drawings which depict non-limiting 
embodiments of the invention: 
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FIGS. 1A and 1B are isometric views of an outer casing of 
a mouthpiece according to one embodiment. 

FIGS. 1C through 1E are side elevation views of the casing 
shown in FIGS. 1A and 1B. 

FIGS. 2A and 2B are cross-sectional views of a sleeve and 
a valve assembly of a mouthpiece according to one embodi 
ment which may be housed within the casing shown in FIGS. 
1A through 1E. The cross-sectional views of FIGS. 2A and 
2B are taken along line A-A of FIG. 2C, and illustrate the 
valve in a closed position and an open position, respectively. 

FIGS. 2C and 2D are end elevation views of the sleeve and 
valve assembly shown in FIGS. 2A and 2B. 

FIGS. 3A and 3B are isometric views of the sleeve shown 
in FIGS. 2A through 2D. 

FIGS. 3C through 3E are side elevation views of the sleeve 
shown in FIGS. 2A through 2D. 

FIG. 3F is an end elevation view of the sleeve shown in 
FIGS. 2A through 2D. 

DESCRIPTION 

Throughout the following description, specific details are 
set forth in order to provide a more thorough understanding to 
persons skilled in the art. However, well known elements may 
not have been shown or described in detail to avoid unneces 
sarily obscuring the disclosure. Accordingly, the description 
and drawings are to be regarded in an illustrative, rather than 
a restrictive, sense. 

Particular embodiments provide a mouthpiece for semi 
closed circuit rebreather systems which may be used in scuba 
diving applications and/or for other applications Suitable for 
semi-closed circuit rebreather systems. The mouthpiece 
includes a valve assembly for controlling the flow of air 
through the mouthpiece. The valve assembly is operable to 
direct some of the diver's exhaled air to the ambient environ 
ment (i.e. Surrounding water) through a discharge port in the 
mouthpiece. The valve assembly is operable to direct the 
remainder of the diver's exhaled air to the breathing loop for 
recirculation through the breathing loop. Operation of the 
valve assembly is controlled by the diver's breathing. 

According to particular embodiments, the mouthpiece 
comprises an outer casing 30 (see FIGS. 1A through 1E), a 
sleeve 10 housed within casing 30 (see FIGS. 3A through 3F) 
and a valve assembly 20 housed within sleeve 10 (see FIGS. 
2A and 2B). In the illustrated embodiment, as seen in FIGS. 
1A through 1E, casing 30 is a generally tubular piece having 
longitudinally opposed first open end 34 (“inhale end) and 
second open end 35 (“exhale end). 

In the illustrated embodiment, portions of casing 30 which 
are proximate to opposed ends 34, 35 comprise circumferen 
tial grooves 31 on the outer surface of casing 30 (see FIGS. 1A 
and 1B). Such grooves 31 may be shaped for receiving cor 
responding O-rings, deformable clips and/or the like to facili 
tate attachment of the mouthpiece to hose attachments and 
inhale and exhale hoses (not shown). Inhale end 34 is cou 
plable by way of a hose attachment to an inhale hose for 
carrying air to be inhaled by the diver from an egress of a 
breathing loop (not shown) to the mouthpiece. Exhale end 35 
is couplable by way of a hose attachment to an exhale hose for 
carrying the diver's exhaled air away from the mouthpiece 
and to an ingress of the breathing loop. 

Grooves 31 shown in FIGS. 1A and 1B are not mandatory. 
In other embodiments, other Suitable attachment mechanisms 
may be used to attach exhale and inhale hoses of the breathing 
loop to the mouthpiece. By way of non-limiting example, 
Such attachment mechanisms may include one or more of the 
following: hose clamps, circlips, threaded attachments, cir 
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4 
cumferential ridges, and/or the like. In other embodiments, 
other forms of conduits may be used to connect mouthpiece 
exhale end 35 to the ingress of the breathing loop and mouth 
piece inhale end 34 to the egress of the breathing loop. 
A check valve (not shown). Such as a mushroom valve, 

another type of one-way valve and/or the like, may be posi 
tioned between inhale end 34 and the inhale hose to ensure 
that air at inhale end 34 flows in a direction indicated gener 
ally by arrow 14 of FIG. 1E, and not in the reverse direction. 
Valve assembly 20 housed within sleeve 10 operates to ensure 
that air exiting the mouthpiece at exhale end 35 flows in a 
direction indicated generally by arrow 15 of FIG. 1E, and not 
in the reverse direction. In some embodiments, a second 
check valve (not shown). Such as a mushroom valve, another 
type of one-way valve and/or the like, may be positioned 
between exhale end 35 and the exhale hose to ensure that air 
at exhale end 35 flows in the direction indicated generally by 
arrow 15. 
As best seen in FIGS. 1A, 1B and 1D, casing 30 comprises 

a mouth port 32 through which the user (e.g. a diver) inhales 
and exhales. Port 32 of the illustrated embodiment comprises 
outwardly extending, curved cylindrical walls 32A for receiv 
ing a pliable (e.g. elastomeric) mouth bit (not shown) Such as 
those used for mouthpieces for conventional scuba regulators 
and/or the like. The mouth bit typically has a U-shaped exten 
sion shaped to be received within the diver's mouth. 

Casing 30 of the illustrated embodiment also comprises 
one or more discharge ports 36 through which air within the 
mouthpiece may be exhausted or discharged to the ambient 
environment. In some embodiments, there are a plurality (e.g. 
two) of discharge ports 36. Each discharge port 36 may have 
one or more apertures 36A. Each discharge port 36 includes a 
one-way valve assembly (not shown) which permits air from 
the mouthpiece to escape through apertures 36A to the Sur 
rounding environment, but does not permit fluid (e.g. water) 
from the Surrounding environment to enter the mouthpiece. 
By way of non-limiting example, the one-way valve 

assembly at discharge port 36 may comprise a flexible dia 
phragm or flap covering apertures 36A and a rigid (or semi 
rigid) disc positioned over the diaphragm to hold the dia 
phragm in place. The diaphragm may be made of latex rubber 
and the disc may be made of DelrinTM, for example. The 
diaphragm deforms or otherwise lifts away from apertures 
36A to allow air to escape through apertures 36A when the air 
pressure in the mouthpiece is above a threshold level. The 
diaphragm returns to a closed position covering apertures 
36A once the air pressure in the mouthpiece drops below the 
threshold level. One or more screws may be inserted through 
the diaphragm and disc to secure the diaphragm and disc to 
casing 30. Other fasteners may be used to secure the dia 
phragm and disc to casing 30. In other embodiments, other 
forms of one-way valves may be used in combination with 
discharge ports 36 to permit air to escape from the mouth 
piece while preventing the ingress of fluid (e.g. water) from 
the Surrounding environment. 
As seen in FIGS. 1B and 1C, casing 30 has a circumferen 

tially elongated slot 37. Slot 37 is shaped for receiving a 
selector knob 51 (FIGS. 3D and 3E) extending from and 
attached to a sleeve 10 housed within casing 30. The diver 
may move selector knob 51 within slot 37 to rotate sleeve 10 
between an “ON” position in which all ports of the mouth 
piece are opened (e.g. Such that aperture 46 through sleeve 10 
is aligned with mouth port 32, and each discharge slot 41 
through sleeve 10 is aligned with a corresponding discharge 
port 36), and an “OFF' position in which all ports of the 
mouthpiece are closed (e.g. aperture 46 and discharge slots 41 
through sleeve 10 are sealed from the ambient environment as 
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they are misaligned with their corresponding ports 32, 36 in 
outer casing 30). Sleeve 10 may be rotated to the “ON” 
position when the mouthpiece is being used by the diver, and 
may be rotated to the “OFF' position when the mouthpiece is 
not being used by the diver. 

In the illustrated embodiment, as best seen in FIGS. 3A and 
3B, sleeve 10 is a generally tubular piece having a first open 
end 24 ("inhale end) and a second open end 25 (“exhale 
end'). When sleeve 10 is inserted into casing 30, inhale end 
24 of sleeve 10 is generally aligned with inhale end 34 of 
casing 30, and exhale end 25 of sleeve 10 is generally aligned 
with exhale end 35 of casing 30. 

FIGS. 2A and 2B illustrate a valve assembly 20that may be 
housed within sleeve 10. Sleeve 10 and valve assembly 20 
together are housed within casing 30. In the illustrated 
embodiment, when valve assembly 20 is inserted into sleeve 
10, valve assembly 20 may be located generally proximate to 
exhale end 25 of sleeve 10. An air space or chamber 18 is 
defined within sleeve 10 between inhale end 24 of sleeve 10 
and valve assembly 20. 
When the mouthpiece is in use (i.e. when selector knob 51 

and sleeve 10 are rotated to the “ON” position), discharge 
ports 36 are aligned with corresponding discharge slots 41 in 
sleeve 10 (see FIGS. 2A, 2B, 2C and 3A). Mouth port 32 in 
casing 30 (FIG. 1A) is aligned with a corresponding aperture 
46 in sleeve 10 (FIG. 3A). Mouth port 32 and aperture 46 are 
in fluid communication with airspace 18 such that air exhaled 
by the diver into the mouthpiece (via mouth port 32) moves 
into air space18 (FIGS. 2A and 2B). Conversely, air inhaled 
by the diver moves out of air space 18, through aperture 46 
and mouth port 32, and into the diver's mouth. As explained 
below, the changes in air pressure in air space 18 resulting 
from the diver's breathing cause the components of valve 
assembly 20 to move, thereby controlling the discharge of 
exhaled air from the mouthpiece at exhale end 25 and at 
discharge ports 36 (via discharge slots 41 in sleeve 10). 

Valve assembly 20 is operable to control the flow of air 
from air space 18toward exhale end 25 and discharge slots 41. 
When valve assembly 20 is in the valve-closed position (e.g. 
see FIG. 2A), valve assembly 20 prevents air in air space 18 
from travelling toward exhale end 25 and discharge slots 41. 
When valve assembly 20 is in a valve-open position (e.g. see 
FIG. 2B), valve assembly 20 permits air in air space 18 to 
travel toward exhale end 25 and discharge slots 41. 
As shown in FIGS. 2A and 2B. valve assembly 20 com 

prises valve components 22, 23 which are moveable in rela 
tion to one another. Such valve components may comprise a 
moveable component 22 and a fixed component 23. Valve 
components 22, 23 may be generally cylindrical in shape. In 
the illustrated embodiment, moveable component 22 is Sup 
ported for movement in longitudinal (e.g. axial) directions 
within a generally tubular inner sleeve wall 29. Inner sleeve 
wall 29 may be integrally formed with, or connected to, sleeve 
10. Valve components 22, 23 may have generally parallel (or 
otherwise complementary-shaped), facing Surfaces 22A, 
23A, respectively. 

In the illustrated embodiment, fixed component 23 is fixed 
in position relative to sleeve 10, and is positioned at or close 
to exhale end 25. A plurality of screws 13 or other fasteners 
may be used to secure fixed component 23 to the walls of 
sleeve 10 at or near exhale end 25. In other embodiments, 
fixed component 23 may be secured to sleeve 10 in some other 
manner (e.g. deformable connectors, clasps, Suitable adhe 
sives, welding and/or the like.). In still other embodiments, 
fixed component 23 may be integrally formed with sleeve 10. 

In the illustrated embodiment, moveable component 22 is 
slidable between: (a) a valve-closed position in which move 
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6 
able component 22 is separated from fixed component 23 at 
exhale end 25 by a maximum or valve closed distanced 
(FIG. 2A), and (b) a valve-open position in which moveable 
component 22 has moved toward fixed component 23 and the 
distance between valve components 22, 23 is less than dis 
tance d. FIG. 2B shows valve assembly 20 in the maxi 
mum valve-open position in which moveable component 22 
has moved toward fixed component 23 by a distance such that 
surface 22A of moveable component 22 abuts surface 23A of 
fixed component 23. 
When moveable component 22 is in the valve-closed posi 

tion (FIG. 2A), moveable component 22 is constrained from 
moving toward inhale end 24 by a stop 16. For example, stop 
16 may comprise a ridge or other protrusion(s) extending 
from the inside Surfaces of sleeve 10 for engaging with cor 
responding Surfaces of moveable component 22. Stop 16 and 
the corresponding Surfaces of moveable component 22 may 
be shaped to be complementary to one another (i.e. for gen 
erally airtight engagement) Such that when moveable compo 
nent 22 is in the valve-closed position, air in air space 18 is 
prevented from moving toward exhale end 25 and toward 
discharge slots 41 (see FIG. 2A). In the illustrated embodi 
ment, when valve assembly 20 is in the valve-closed position, 
air in air space 18 is blocked from moving into air channels 
21, 26 leading to discharge slots 41 and exhale end 25, respec 
tively. 

In the illustrated embodiment, valve components 22, 23 are 
biased apart i.e. valve assembly 20 is biased to be in the 
valve-closed position shown in FIG. 2A in the absence of any 
counteracting forces. Valve components 22, 23 may be mag 
netically biased apart as described in further detail below. As 
the diver exhales into the mouthpiece, the air pressure in air 
space 18 initially increases since the exhaled air is trapped 
within air space 18. When the air pressure in air space 18 
increases beyond a level Sufficient to overcome the biasing 
forces that are holding valve components 22, 23 apart in the 
valve-closed position, moveable component 22 moves 
toward fixed component 23—i.e. valve assembly 20 is moved 
to a valve-open position. The movement of moveable com 
ponent 22 toward fixed component 23 results in an increase in 
the size of air space 18 and a corresponding reduction in the 
air pressure in air space 18. The valve-open position repre 
sents an equilibrium between forces caused by the air pres 
Sure and the bias. 
Movement of moveable component 22 toward fixed com 

ponent 23 opens up a new air space 19 within sleeve 10 
previously occupied by moveable component 22 (e.g. see 
FIG. 2B). This can also be described as an enlargement of air 
space 18 to include the air space previously occupied by 
moveable component 22. In the illustrated embodiment, air 
space 19 (or enlarged air space 18) is in fluid communication 
with one or more longitudinal (recirculation) air channels 26 
extending longitudinally between airspace 18 and exhale end 
25. In the illustrated embodiment, airspace 19 (or enlarged air 
space 18) is also in fluid communication with one or more 
discharge air channels 21. Each discharge air channel 21 may 
extend transversely to a corresponding discharge slot 41 at the 
outer surface or walls of sleeve 10. In the illustrated embodi 
ment (see FIG. 2C), each discharge air channel 21 extends 
radially to a corresponding discharge slot 41. Openings may 
be defined in inner sleeve wall 29 to permit air to travel from 
air space 19 to channels 21 and 26. 
As seen in FIG. 2B, during an exhale breath, moveable 

component 22 moves toward fixed component 23 by a dis 
tance which determines a length 1 of air channels 21, 26 that 
is exposed to air space 19. Length 1 varies according to the 
diver's breathing (e.g. a relatively strong exhale breath tends 
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to cause moveable component 22 to move toward fixed com 
ponent 23 by a greater distance, thereby causing a relatively 
long length 1 of exposed air channels 21, 26). 
Once moveable component 22 has moved toward fixed 

component 23 (i.e. away from the valve-closed position and 5 
into a valve-open position), the diver's exhaled air which was 
previously trapped in airspace 18 is able to move into new air 
space 19, and into air channels 21 and 26. As indicated in FIG. 
2B, a portion of the air travelling through the mouthpiece may 
take the flow path indicated by arrow 13A, travelling through 10 
the one or more recirculation air channels 26 before exiting 
the mouthpiece at exhale end 25, after which it is recirculated 
through the breathing loop. Another portion of the air travel 
ling through the mouthpiece may take the flow path indicated 
by arrow 13B, travelling through the one or more discharge 15 
air channels 21 before exiting the mouthpiece at discharge 
slot 41 (and discharge port 36). Air exiting through discharge 
slot 41 is exhausted to the ambient environment. 

In the illustrated embodiment, as best seen in FIG. 2C, 
sleeve 10 has three recirculation air channels 26 each extend- 20 
ing to exhale end 25, and two discharge air channels 21 each 
extending to a corresponding discharge slot 41. Each dis 
charge slot 41 may be located in a corresponding recessed 
portion 40 of sleeve 10. Recessed portion 40 provides an air 
space between discharge slot 41 and the one-way valve 25 
assembly at discharge port 36 (see FIG. 1B). 

In the illustrated embodiment, the three recirculation air 
channels 26 are evenly circumferentially spaced apart. Each 
of the two discharge air channels 21 extends transversely 
between two adjacent recirculation air channels 26. Other 30 
configurations and shapes of air channels 21, 26 are possible. 
For example, a different number and/or arrangement of air 
channels 21, 26 may be provided than as shown in the illus 
trated embodiment. 
As seen in FIG. 2C, the circumferential width w of each 35 

discharge air channel 21 is Smaller than the circumferential 
width w of each recirculation air channel 26. The relative 
proportion of air travelling through channels 21, 26 may be 
determined at least in part by the minimum cross-sectional 
areas in the flow paths between airspaces 18, 19 and channels 40 
21, 26. In the illustrated embodiment these cross-sectional 
areas are defined at least approximately by the circumferen 
tial widths w w of air channels 21, 26 at the interface 
between air space 19 and air channels 21, 26, and a length 1 of 
air channels 21, 26 that is directly exposed to airspace 19 (i.e. 45 
not covered by moveable component 22) as a result of move 
ment of moveable component 22 toward fixed component 23 
(see FIG. 2B). 

In particular embodiments, the magnitude of the biasing 
forces acting on valve components 22, 23 is such that when a 50 
diver exhales into the mouthpiece under typical operating 
conditions (for example, use at a depth of up to 100 feet), 
moveable component 22 typically moves toward fixed com 
ponent 23 by a distance which is between 30% to 80% of 
d. In Such embodiments, during the exhale breath, move- 55 
able component 22 rarely moves completely to the maximum 
valve-open position in which moveable component 22 abuts 
fixed component 23, as seen in FIG. 2B. 
A decrease in air pressure in airspace 18 to a level Such that 

the force on moveable component 22 is less than the current 60 
bias force may resultin moveable component 22 moving back 
toward inhale end 24 until moveable component 22 reaches 
either a new equilibrium position or the valve-closed position 
shown in FIG. 2A. The air pressure in air space 18 may be 
decreased as a result of moveable component 22 moving 65 
toward fixed component 23 (thereby resulting in a corre 
sponding expansion to air space 18), the diver inhaling 
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(thereby removing air from air space 18), the diver ceasing to 
exhale or decreasing the strength of the exhale breath and/or 
air exiting space 18 via air channels 21, 26. 

In particular embodiments, valve components 22, 23 are 
magnetically biased apart—i.e. toward the valve-closed posi 
tion shown in FIG. 2A. In the illustrated embodiment, a 
plurality of magnets 12A, 12B are embedded within valve 
components 22, 23, respectively (see FIGS. 2A and 2B). Due 
to space constraints within sleeve 10, fixed component 23 
may include a cylindrical extension 27, which may extend 
into the exhale hose, for accommodating magnets 12B. Mag 
nets 12A, 12B are arranged with their similar poles facing one 
another (i.e. magnets 12A are arranged so as to repel magnets 
12B), resulting in biasing forces which keep valve compo 
nents 22, 23 apart in the valve-closed position, in the absence 
of any counteracting forces. 
The rate of air being exhaled by the diver (i.e. volume of 

exhaled air entering the mouthpiece pertime unit) determines 
the pressure in air spaces 18, 19 and the corresponding dis 
tance by which moveable component 22 moves toward fixed 
component 23. For higher rates of exhaled air, moveable 
component 22 moves by a correspondingly larger distance 
toward fixed component 23, thereby increasing the exposed 
length 1 of air channels 21, 26 and allowing air in airspaces 18 
and 19 to flow into channels 21, 26 at a higher rate. However, 
as the relative (i.e ratio of) minimum cross-sectional areas in 
the flow paths between air spaces 18, 19 and channels 21, 26 
remains generally constant, the relative proportion of air trav 
elling through channels 21, 26 also remains generally con 
stant. Therefore, the proportion of the exhaled air that is 
exhausted to the ambient environment through discharge 
slots 41 relative to a total amount of exhaled air remains 
generally constant during operation. 

For a given configuration of recirculation air channels 26 
(e.g. number, Volume and circumferential width w of chan 
nels 26, etc.), a larger the number and/or circumferential 
width w of discharge air channels 21, the greater the propor 
tion of exhaled air that is exhausted to the ambient environ 
ment. In particular embodiments, the number and 
dimension(s) (e.g. circumferential width(s) wa) of recircula 
tion air channels 26) and the number and dimension(s) (e.g. 
circumferential width(s) w) of discharge air channels 21 are 
selected such that between approximately 20% to 30% of 
exhaled air is exhausted to the ambient environment through 
discharge air channels 21 and discharge slots 41, and the 
remainder (i.e. between approximately 70% to 80%) of the 
exhaled air travels through recirculation air channels 26 and 
exits the mouthpiece at exhale end 25, where it is recaptured 
for recirculation through the breathing loop. 
A total amount of air that exhausted through both recircu 

lation air channels 26 and discharge air channels 21 may be 
proportional to (or correlated with) the number of recircula 
tion air channels 26 and discharge air channels 21 multiplied 
by their corresponding widths according to: 

total amount exhausted oc(# of recirculation channels) 
w2+(# of discharge channels)w 

Accordingly, the proportion of air that is exhausted to the 
ambient environment through discharge air channels 21 rela 
tive to the amount of total amount of exhausted air through 
both discharge air channels 21 and recirculation air channels 
26 may be proportional to (or correlated with) the ratio of the 
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number of discharge air channels 21 multiplied by their cor 
responding widths divided by the total amount of exhausted 
air according to: 

proportion discharged (# of discharge channels)wf(# 
of recirculation channels)w--(# of discharge 
channels)w 

In some embodiments, various discharge air channels 21 
and/or various recirculation air channels 26 may be provided 
with different widths, in which case the foregoing equations 
may be adjusted accordingly. 
The number and dimension(s) (e.g. circumferential 

width(s) wa) of recirculation air channels 26) and the number 
and dimension(s) (e.g. circumferential width(s) w) of dis 
charge air channels 21 may vary between different embodi 
ments rated for different skill levels, depths, dive duration, 
etc. For example, for recreational diving (e.g. at depths of up 
to 100 feet) it may be desirable to adjust one or more of these 
parameters such that approximately 30% of the exhaled air is 
exhausted to the ambient environment. For deeper or more 
technical diving, it may be desirable to adjust one or more of 
these parameters such that approximately 20% of the exhaled 
air is exhausted to the ambient environment. In particular 
embodiments, where there are two discharge air channels 21 
and three recirculation air channels 26, the ratio between 
circumferential widths w and we may be less than 0.15. In 
certain embodiments such ratio may be less than 0.10 and 
above 0.05. 

It may be desirable to configure valve assembly 20 such 
that the air pressure needed to overcome the biasing forces 
(and other forces Such as friction) holding valve components 
22, 23 apart in the valve-closed position is sufficiently low, so 
that during each typical exhale breath, moveable component 
22 moves toward fixed component 23 (i.e. valve assembly 20 
is moved to a valve-open position) thereby allowing exhaled 
air to exit at exhale end 25 and discharge ports 36. Otherwise, 
if valve assembly 20 were to remain in the valve-closed 
position during an exhale breath, the exhaled air would 
remain trapped within airspace 18 and could be Subsequently 
inhaled by the diver. 

In the illustrated embodiment (see FIGS. 2A and 2B), 
hollow spaces 17 may beformed within moveable component 
22 to reduce the components weight. This in turn may reduce 
friction between the outer surfaces of moveable component 
22 and inner sleeve wall 29 and may help to facilitate move 
ment of moveable component 22 relative to fixed component 
23. 
As described above, by sliding selector knob 51 of sleeve 

10 within slot 37 of casing 30, sleeve 10 may be rotated 
between an “ON” position in which all ports of the mouth 
piece are opened, and an “OFF' position in which all ports of 
the mouthpiece are closed. As best seen in FIG. 3E, selector 
knob 51 may be surrounded by a groove 42A for receiving a 
Suitably-shaped ring seal for preventing water from entering 
through slot 37 of casing 30. 
Once the diver has rotated sleeve 10 to the “OFF' position, 

the diver may remove the mouth bit from his or her mouth. If 
the mouthpiece is kept immersed in water, the space circum 
scribed by the curved walls of mouth port 32 fills with water 
but the water is prevented from entering the mouthpiece given 
that openings into the mouthpiece (including aperture 46 and 
discharge slots 41) are sealed from the ambient environment 
in the “OFF' position. If the diver wishes to begin using the 
mouthpiece while the mouthpiece is immersed in water, the 
diver can blow into mouth port 32 while sleeve 10 remains in 
the “OFF' position. In such “OFF' position, mouthport 32 is 
aligned with slot 47 of sleeve 10 (see FIG. 3C) and slot 47 is 
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in fluid communication with aperture 38 of casing 30 (see 
FIG. 1E). By blowing into mouth port 32, water which has 
been trapped within mouth port 32 can be expelled through 
slot 47 and aperture 38 into the ambient environment. A 
one-way valve may cover aperture 38 to prevent water from 
entering the mouthpiece through aperture 38. After the water 
has been cleared from mouthport 32 in this manner, the diver 
may rotate sleeve 10 to the “ON” position and the diver may 
begin exhaling and inhaling through mouth port 32 which is 
now aligned with aperture 46 of sleeve 10. 

In some embodiments, one or more grooves may be pro 
vided in sleeve 10 at locations such that when sleeve 10 has 
been rotated to the “OFF' position, the grooves are aligned 
with discharge ports 36 of casing 30. Such grooves may 
receive corresponding ring seals (e.g. O-ring seals) for pre 
venting gas from leaking through discharge ports 36 during 
positive pressure testing conducted on the mouthpiece when 
sleeve 10 has been rotated to the “OFF' position. 
The illustrated embodiment contains a sleeve 10 within an 

outer casing 30. As described above, sleeve 10 may be rotated 
to switch the mouthpiece between “ON” and “OFF' posi 
tions. In other embodiments, sleeve 10 is omitted. In such 
embodiments, outer casing 30 is adapted to include the struc 
tural features of sleeve 10 which support the operation of 
valve assembly 20, such as, for example: 

inner walls 29 for supporting movement of moveable com 
ponent 22 within a bore of casing 30: 

stop 16 for limiting the movement of moveable component 
22 toward inhale end 24; 

one or more discharge air channels 21 extending trans 
versely through casing 30 for carrying exhaled air 
toward discharge slot 41; 

one or more recirculation air channels 26 extending longi 
tudinally through casing 30 for carrying exhaled air 
toward exhale end 25; and 

recessed portion 40 providing an air space between dis 
charge slot 41 and the one-way valve assembly at dis 
charge port 36: 

as described above with reference to sleeve 10. 
In the illustrated embodiment, two valve components 22, 

23 are used. Magnets are housed within each of the valve 
components. In other embodiments, fixed component 23 is 
omitted, and magnets are disposed within or on portions of 
sleeve 10 (or casing 30) proximate to or at exhale end 25. Such 
magnets are arranged so as to repel the other magnets dis 
posed within moveable component 22. In Such embodiments, 
moveable component 22 is magnetically biased apart from 
the magnets positioned near exhale end 25. 
The embodiments described herein are only examples. As 

will be apparent to those skilled in the art in the light of the 
foregoing disclosure, many alterations and modifications are 
possible in the practice of this invention without departing 
from the spirit or scope thereof. For example: 
A mouthpiece as described herein is not limited to use in 

underwater environments. The mouthpiece may be used 
for semi-closed circuit rebreather systems in other appli 
cations and environments where a gas is Supplied for 
inhalation by the user, Such as, for example, outer space, 
mining, mountaineering, Submarines, and the like. 

The illustrated embodiment is generally tubular in shape. 
However, this is not mandatory. In other embodiments, 
the mouthpiece (including casing 30 and sleeve 10) may 
have a non-tubular or non-cylindrical shape (i.e. a shape 
having a non-circular cross-section). Moveable valve 
component 22 may be shaped and Supported for move 
ment within non-tubular or non-cylindrical walls. 
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Other biasing mechanisms may be used for valve assembly 
20. Such as, for example, spring or coil biasing mecha 
nisms. 

Forbevity, this description and the accompanying claims 
refer to fluids exhaled into the mouthpiece, inhaled from 
the mouthpiece, discharging from the mouthpiece, 
ingressing into the breathing loop, egressing from the 
breathing loop and/or the like as “air. It will be under 
stood by those skilled in the art that such fluids are not 
limited to “air in the conventional sense and may 
include other fluids (e.g. gases and gases mixed liquids), 
mixtures of fluids and/or the like. It will be understood 
further that. 

Other example embodiments may be obtained, without limi 
tation, by combining features of the disclosed embodiments. 

Accordingly, this invention should be interpreted in accor 
dance with the following claims. 
What is claimed is: 
1. A mouthpiece for a rebreather having a breathing loop 

for treating exhaled breath and making the exhaled breath 
Suitable for re-inhalation, the mouthpiece comprising: 

a tubular housing comprising: 
longitudinally opposed inhale and exhale ends, the inhale 

end in fluid communication with an egress of the breath 
ing loop and the exhale end in fluid communication with 
an ingress of the breathing loop; 

a mouthport through which a user inhales and exhales, the 
mouth port leading to a bore of the housing: 

a discharge air channel having an opening into the bore, the 
discharge air channel extending transversely through a 
body of the housing and leading to a discharge port in 
fluid communication with an ambient environment; 

a recirculation air channel having an opening into the bore, 
the recirculation air channel extending longitudinally 
through the body of the housing and leading to the 
exhale end; and 

a moveable valve component Supported for movement in 
longitudinal directions within the bore and shaped to 
define a portion of an air space within the bore between 
the moveable valve component and the inhale end, the 
moveable valve component biased toward a valve 
closed position wherein the moveable valve component 
is spaced apart from the exhale end by a valve closed 
distanced and is located to block air flow into the 
openings of the discharge and recirculation air channels; 
wherein an increase of air pressure in the air space tends 

to counteract the bias and move the moveable valve 
component toward a valve-open position wherein the 
distance between the moveable valve component and 
the exhale end is less than the valve closed distance 
d and the openings of the discharge and recircula 
tion air channels are exposed to permit air flow there 
through, wherein the increase in air pressure is caused 
by the user exhaling through the mouth port and 
thereby introducing air into the air space. 

2. A mouthpiece according to claim 1 wherein the move 
ment of the moveable valve component to the valve-open 
position causes an increase in the size of the air space and a 
corresponding reduction in air pressure, the valve-open posi 
tion representing an equilibrium between forces caused by 
the air pressure and the bias. 

3. A mouthpiece according to claim 1 wherein the move 
able valve component is magnetically biased toward the 
valve-closed position. 

4. A mouthpiece according to claim 1 comprising a first 
magnet disposed within the moveable valve component and a 
second magnet disposed at the exhale end, wherein the first 
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and second magnets are arranged with like poles facing each 
other to magnetically bias the moveable valve component 
toward the valve-closed position. 

5. A mouthpiece according to claim 4 comprising a fixed 
valve component proximate to the exhale end, wherein the 
second magnet is disposed within the fixed valve component. 

6. A mouthpiece according to claim 4 wherein at least a 
portion of the second magnet is located outside of the bore of 
the housing. 

7. A mouthpiece according to claim 1 wherein the dis 
charge port comprises an aperture and a one-way valve 
assembly. 

8. A mouthpiece according to claim 7 wherein the one-way 
valve assembly comprises a flexible diaphragm covering the 
aperture. 

9. A mouthpiece according to claim 8 wherein the one-way 
valve assembly comprises a rigid disc positioned over the 
diaphragm. 

10. A mouthpiece according to claim 1 wherein the housing 
comprises an outer tubular casing and an inner tubular sleeve 
disposed within the casing and rotatable about a longitudinal 
axis of the housing, wherein the bore is formed within the 
sleeve. 

11. A mouthpiece according to claim 10 wherein the mouth 
port and the discharge port are formed in the casing, and the 
mouth port and the discharge port are alignable with corre 
sponding openings in the sleeve. 

12. A mouthpiece according to claim 11 wherein the sleeve 
comprises a selector knob extending through a corresponding 
selector aperture in the casing, the sleeve being rotatable 
about the longitudinal axis of the housing by movement of the 
selector knob within the selector aperture. 

13. A mouthpiece according to claim 1 wherein there are 
three recirculation air channels, and two discharge air chan 
nels each leading to a corresponding discharge port in fluid 
communication with the ambient environment. 

14. A mouthpiece for a rebreather having a breathing loop 
for treating exhaled breath and making the exhaled breath 
Suitable for re-inhalation, the mouthpiece comprising: 

a tubular housing comprising: 
longitudinally opposed inhale and exhale ends, the inhale 

end in fluid communication with an egress of the breath 
ing loop and the exhale end in fluid communication with 
an ingress of the breathing loop; 

a mouth port through which a user inhales and exhales, the 
mouth port leading to a bore of the housing: 

a discharge air channel having an opening into the bore, the 
discharge air channel extending transversely through a 
body of the housing and leading to a discharge port in 
fluid communication with an ambient environment; 

a recirculation air channel having an opening into the bore, 
the recirculation air channel extending longitudinally 
through the body of the housing and leading to the 
exhale end; and 

a moveable valve component Supported for movement in 
longitudinal directions within the bore and shaped to 
define a portion of an air space within the bore between 
the moveable valve component and the inhale end, the 
moveable valve component biased toward a valve 
closed position wherein the moveable valve component 
is spaced apart from the exhale end by a valve closed 
distanced and is located to block air flow into the 
openings of the discharge and recirculation air channels; 
wherein an increase of air pressure in the air space tends 

to counteract the bias and move the moveable valve 
component toward a valve-open position wherein the 
distance between the moveable valve component and 
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the exhale end is less than the valve closed distance 
d and the openings of the discharge and recircula 
tion air channels are exposed to permit air flow there 
through, wherein a distance by which the moveable 
valve component moves from the valve closed posi- 5 
tion toward the exhale end determines a length P of the 
openings of the discharge and recirculation air chan 
nels exposed to permit air flow therethrough. 

15. A mouthpiece according to claim 14 wherein the dis 
charge air channel has a first width w and the recirculation air 10 
channel has a second width w which is greater than the first 
width w. 

16. A mouthpiece according to claim 15 wherein a ratio 
between the first and second widths is such that between 
approximately 20% to 30% of the exhaled air travels through 15 
the discharge air channel to the discharge port while the 
remainder of the exhaled air travels through the recirculation 
air channel to the exhale end. 

17. A mouthpiece for a rebreather having a breathing loop 
for treating exhaled breath and making the exhaled breath 20 
Suitable for re-inhalation, the mouthpiece comprising: 

a housing comprising an inhale end influid communication 
with an egress of the breathing loop and an exhale end in 
fluid communication with an ingress of the breathing 
loop: 25 

a valve located within the housing, the valve comprising a 
moveable valve component positionable between a 
valve-closed position wherein the valve confines air in 
an interior bore of the housing and a valve-open position 
wherein the valve permits air flow out of the bore 30 
through a recirculation air channel to the exhale end and 
through a discharge air channel to an ambient environ 
ment; 
wherein the moveable valve component is magnetically 

biased toward the valve closed position; 35 
wherein the housing is tubular, the bore is located on an 

interior of the tubular housing and inhale and exhale 
ends are located at longitudinally opposed ends of the 
tubular housing; and 

wherein the moveable valve component is shaped to 40 
occupy Substantially an entirety of a cross-section of 
the bore. 

18. A mouthpiece according to claim 17 comprising a first 
magnet disposed within the moveable valve component and a 
second magnet disposed at the exhale end, wherein the first 45 
and second magnets are arranged with like poles facing each 
other to magnetically bias the moveable valve component 
toward the valve-closed position. 

19. A mouthpiece according to claim 18 comprising a fixed 
valve component proximate to the exhale end, wherein the 50 
second magnet is disposed within the fixed valve component. 

20. A mouthpiece according to claim 18 wherein at least a 
portion of the second magnet is located outside of the bore of 
the housing. 

21. A mouthpiece according to claim 17 wherein the hous- 55 
ing comprises an outer tubular casing and an inner tubular 
sleeve disposed within the casing, the inner tubular sleeve 
rotatable about alongitudinal axis of the housing and the bore 
formed within the sleeve. 

22. A mouthpiece according to claim 21 wherein the casing 60 
comprises a discharge port and a mouth port, wherein the 
mouth port and the discharge port are respectively alignable 
with a corresponding mouth opening and the discharge air 
channel through the sleeve. 

23. A mouthpiece according to claim 22 wherein the sleeve 65 
comprises a selector knob extending through a corresponding 
selector aperture in the casing, the sleeve being rotatable 
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about the longitudinal axis of the housing by movement of the 
selector knob within the selector aperture. 

24. A mouthpiece for a rebreather having a breathing loop 
for treating exhaled breath and making the exhaled breath 
Suitable for re-inhalation, the mouthpiece comprising: 

a tubular housing comprising: 
longitudinally opposed inhale and exhale ends ataxial ends 

of the tubular housing, the inhale end in fluid communi 
cation with an egress of the breathing loop and the 
exhale end in fluid communication with an ingress of the 
breathing loop; 

a mouth port located between the longitudinally opposed 
inhale and exhale ends through which a user inhales and 
exhales, the mouthport leading to a bore of the housing: 

a discharge air channel having an opening into the bore, the 
discharge air channel leading to a discharge port in fluid 
communication with an ambient environment; 

a recirculation air channel having an opening into the bore, 
the recirculation air channel leading to the exhale end; 
and 

a moveable valve component Supported for movement in 
longitudinal directions within the bore and shaped to 
occupy Substantially an entirety of a transverse cross 
section of the bore and to thereby define a portion of an 
air space within the bore between the moveable valve 
component and the inhale end; 

wherein the mouth port leads to the air space within the 
bore. 

25. A mouthpiece according to claim 24 wherein the move 
able valve component is positionable between a valve-closed 
position wherein the valve confines air in the air space and a 
valve-open position wherein the valve permits airflow out of 
the bore through the recirculation air channel to the exhale 
end and through the discharge air channel to the ambient 
environment. 

26. A mouthpiece according to claim 25 wherein the move 
able valve component is magnetically biased toward the valve 
closed position. 

27. A mouthpiece according to claim 26 comprising a first 
magnet disposed within the moveable valve component and a 
second magnet disposed at the exhale end, wherein the first 
and second magnets are arranged with like poles facing each 
other to magnetically bias the moveable valve component 
toward the valve-closed position. 

28. A mouthpiece according to claim 27 comprising a fixed 
valve component proximate to the exhale end, wherein the 
second magnet is disposed within the fixed valve component. 

29. A mouthpiece according to claim 27 wherein at least a 
portion of the second magnet is located outside of the bore of 
the housing. 

30. A mouthpiece according to claim 24 wherein the hous 
ing comprises an outer tubular casing and an inner tubular 
sleeve disposed within the casing, the inner tubular sleeve 
rotatable about alongitudinal axis of the housing and the bore 
formed within the sleeve. 

31. A mouthpiece according to claim 30 wherein the dis 
charge port and the mouth port are in the casing and are 
respectively alignable with a corresponding mouth opening 
and the discharge air channel through the sleeve. 

32. A mouthpiece according to claim 31 wherein the sleeve 
comprises a selector knob extending through a corresponding 
selector aperture in the casing, the sleeve being rotatable 
about the longitudinal axis of the housing by movement of the 
selector knob within the selector aperture. 

33. A method for controlling air flow in a rebreathing 
system comprising a mouthpiece and a rebreather having a 
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breathing loop for treating exhaled breath and making the 
exhaled breath suitable for re-inhalation, the method com 
prising: 

providing a housing comprising an inhale end in fluid 
communication with an egress of the breathing loop and 5 
an exhale end in fluid communication with an ingress of 
the breathing loop: 

providing a valve located within the housing, the valve 
comprising a moveable valve component positionable 
between a valve-closed position wherein the valve con- 10 
fines air in an interior bore of the housing and a valve 
open position wherein the valve permits air flow out of 
the bore through a recirculationair channel to the exhale 
end and through a discharge air channel to an ambient 
environment; 15 

magnetically biasing the moveable valve component 
toward the valve closed position; 

upon receiving an exhalation of breath into an air space 
located in the bore of the housing, permitting the move 
able valve component to move from the valve-closed 20 
position to the valve-open position. 
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